Lactobacillus plantarum, Lactobacillus pentosus, and Lactobacillus paraplantarum (M.-C. Curk, J.-C. Hubert, and F. Bringel, Int. J. Syst. Bacteriol. 46595498, 1996) can hardly be distinguished on the basis of their phenotypes. Unlike L. plantarum and L. paraplantarum, L. pentosus ferments glycerol and xylose but not melezitose. We identified two L. pentosus strains (CNRZ 1538 and CNRZ 1544) which ferment glycerol and melezitose but not xylose. a-Methyla-mannoside was fermented by 66% of the L. plantarum strains tested but not by L. paraplantarum strains. In this paper we describe a simple method to identify L. plantarum, L. pentosus, and L. paraplantarum. This method is based on nonradioactive Southern-type hybridization between BglI DNA digests of the lactobacilli tested and a DNA probe (L. plantarum pyrDFE genes from strain CCM 1904). A total of 68 lactobacilli were classified into five groups on the basis of the bands detected. Two groups contained L. plantarum strains; one of these groups contained 31 strains, including the type strain, and was characterized by bands at 7,4, and 1 kb, and the other group contained strain LP 85-2 and was characterized by bands at 5 and 1.1 kb. Only one band (a band at around 7 kb) was detected in the strains belonging to the L. pentosus group, and two bands (at 4 and 1 kb) were found in the strains belonging to the L. paraplantarum group. No hybridization was detected in the last group, which contained Lactobacillus casei, Lactobacillus coryniformis, Lactobacillus paracasei, Lactobacillus brevis, Lactobacillus delbrueckii, and Lactobacillus leichmannii strains.
Lactobacilli related to Lactobacillus plantarum are lactic acid bacteria that are important in many plant fermentations (silage, pickled vegetables, sourdough) and meat and fish fermentations (17) . Some of these organisms, such as the organisms found in beer, also can be food spoilage agents (19) , and some lactobacilli are also found in cavities of mammals (16) .
The taxonomy of L. plantarum is not satisfactory (13); this species contains strains that have similar biochemical characteristics but exhibit little similarity at the DNA level. Dellaglio et al. (9) identified the following three groups on the basis of DNA-DNA hybridization data: L. plantarum, Lactobacillus pentosus, and an atypical L. plantarum group recently reclassified as Lactobacillus paraplantarum (7) . In agreement with the results of Dellaglio et al. (9) , Zanoni et al. (24) revived the name L. pentosus for a distinct taxon; L. pentosus can be distinguished from L. plantarum by its ability to produce acid from D-xylose and glycerol (10, 13) . However, these phenotypic characteristics are not sufficient to distinguish L. plantarum from L. pentosus since some strains ferment glycerol but not D-xylose (this study) or D-xylose but not glycerol (16) . Direct sequencing of 16s rRNAs by reverse transcription clarified the phylogenetic status of several groups of lactic acid bacteria but could not be used to distinguish L. plantarum from L. pentosus since the 16s rRNA sequences of these organisms displayed a very high level of homology (ca. 99%) (6) . Fourier transform infrared spectroscopy can be used to identify lactobacilli found in breweries, but L. pentosus could not be distinguished from L. plantarum by Curk et al. (8) on the basis of the spectra which they studied.
Until now, the only reliable method to discriminate between strains related to L. plantarum has been the liquid DNA-DNA hybridization technique (9, 24) . Unfortunately, this method is time consuming and cannot be used routinely. A simple meth-od is necessary. In this paper, we describe a method based on Southern-type hybridization (20) . The DNAs of the lactobacilli examined were restricted with BglI and probed with L. plantarum genes of the pyrimidine de novo pathway. Genes of the de novo UMP biosynthetic pathway are conserved in live cells. Six enzymatic steps are required for the biosynthesis of UMP from glutamine, bicarbonate, and ATP. The last three enzymes are dihydroorotate dehydrogenase, orotidine monophosphate (OMP) pyrophosphorylase, and OMP decarboxylase, which are encoded by pyrD, pyrE, and pyrF, respectively. These activities were present in 140 L. plantarum-related strains studied for their pyrimidine requirements in the laboratory (unpublished data). The three genes were cloned and sequenced and were shown to be contiguous on the chromosome of L. plantarum CCM 1904 (= ATCC 8014) (1, 2) . For these reasons, we decided to test whether the L. plantarum CCM 1904 pyrDFE genes could be used as a taxonomic tool for distinguishing strains related to L. plantarum.
MATERIALS AND METHODS
Strains and growth conditions. The sources of the strains which we used are shown in Table 1 . Most strains were propagated in MRS broth (Difco) at 30°C; the exceptions were strains ATCC 8008B, ATCC 8008G, ATCC 10776, and ATCC 13649, which were incubated at 37°C. Glycine was added at a concentration of 2.5% when cells were lysed for DNA extraction.
Carbohydrate fermentative profiles. Fermentation of 49 carbohydrates was studied by using API 50 CH strips with API 50 CHL medium (bioMCrieux). Southern-type hybridization. The probe used in the Southern-type hybridization experiments consisted of the pyrDFE genes (1, 2) of L. plantamm CCM 1904. The genomic DNA was released from bacterial cells by heating a preparation in sterile bidistilled water (approximately los cells in 40 p1 of water) at 94°C for 10 min. The lysate was put on ice, and the cell debris was removed by centrifugation. A 4-p.1 portion of the supernatant was used as a template in a PCR performed with Tuq DNA polymerase (Eurogentec) and the following primers: primer LP-D (5'-CATATGGTCAACAGATGGCTCAACAG-3') and primer LP-R (5'-TGACGCCACGTATGCAGCGAAGC-3'). Primer LP-D includes the start codon of pyrD, and primer LP-R is located 31 nucleotides from These strains are not included in the current American Type Culture Collection catalog.
' Two lactobacilli were found in the strain ATCC 8008 tube sent by the American Type Culture Collection. ATCC 8008B and ATCC 8008G produced white dome-shaped and flat grey colonies, respectively. The sugar fermentation profiles of these organisms are given in [3H]dCTP (30 Cimmol-'; Amersham), dialyzed, and treated with S1 nuclease (12) . DNA-DNA hybridization experiments were performed at 70°C after treatment with S1 nuclease and precipitation with trichloroacetic acid (12) . Thermal stability of DNA duplexes. After hybridization at 70"C, the temperature was raised in 5°C increments. Each time that the temperature was raised, a sample of reassociated DNA (100 yl) was treated with S1 nuclease (15 +I) and then treated as described above for the DNA-DNA liquid hybridization procedure (12) . We then extrapolated the temperature at which SO% of the doublestranded DNA was denatured (TWI). The ATm was the difference between the T,,, of the homologous duplex and the T,,, of the heterologous duplex. phenotypic characterization. A total of 53 lactobacilli were tested for the ability to ferment 49 carbohydrates, including glycerol and D-xylose, which are typically fermented by L. pentosus but not by L, plantarum (24) ; 15 of these lactobacilli fermented glycerol. A total of 13 of the 15 glycerol-fermenting strains also fermented D-xylose, suggesting that they were L. pentosus strains. TWO strains, strains CNRZ 1538 and CNRZ 1544, did not ferment D-xylose, which raised the passibility that they were either pentosus Or plantarum strains. As melezitose was catabolized by 81% Of the plantarum strains tested (Table 2) which fermented D-xylose, melezitose fermentation may also help distinguish L. plantarum from L. pentosus. Strains CNRZ 1538 and CNRZ 1544 produced acid from melezitose. We also found that ribose was fermented by all of the L. plantarum and L. pentosus strains tested except CNRZ 1538 and CNRZ 1544. Metabolism of sugars (raffinose and melibiose) has been shown to be temperature sensitive in L. plantarum CCM 1904 (21) . In strains CNRZ 1538 and CNRZ 1544, different temperatures were used for ribose and D-xylose catabolism, but no fermentation was observed at 25, 30, or 37°C. We concluded that CNRZ 1538 and CNRZ 1544 have atypical biochemical properties and cannot be assigned on the basis of phenotypic characteristics to either L. plantarum or L. pentosus. L. paraplantarum (four strains) and L. plantarum ATCC 14917T (T = type strain) could not be distinguished on the basis of biochemical and physiological characteristics (7) . When we tested carbohydrate utilization with a larger number of L. plantarum strains (32 strains), we observed that a-methyl-D-mannoside was catabolized by 66% of the L. plantarum strains but by none of the four L. paraplantarum strains ( Table   Southern -type hybridization with the L. plantarurn pyrDFE probe. Previous workers have shown that strains classified as L. plantarum on the basis of their phenotypes have limited similarity at the DNA level (9, 24), so we assessed two stringencies of hybridization by changing the temperature of hybridization (see Materials and Methods). First, we tested highstringency conditions at 68"C, but the L. plantarum probe did not hybridize with the L. pentosus strains (data not shown). When the temperature was lowered from 68 to 50"C, hybridization with L. pentosus was detected (Fig. 1, lanes 11 and 12) . This corresponded to the theoretical detection of DNA sequences that exhibit at least 65% similarity with the probe (calculated as suggested by the protocol of Boehringer Mannheim). The L. plantarum CCM 1904pyrDFE genes have been sequenced, and two BglI sites are separated by approximately 1 kb (2). In the Southern-type hybridization experiment performed with the entire 2.2-kb pyrDFE fragment, we expected three bands, including the 1-kb fragment. When the CCM 1904 genome was digested with BglI and hybridized, 7-, 4-, and 1-kb bands were detected, as shown in Fig. 1 (lane 1) .
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We tested 63 lactobacilli with the L. plantarum pyrDFE probe, and five groups were identified on the basis of the responses obtained (Table 3) . Group 1 was characterized by bands at 7, 4, and 1 kb (Fig. 1, lanes 1, 2, 4 , and 10) and contained 31 strains, including L. plantarum type strain ATCC 14917. Group 2 was characterized by bands at 5 and 1.1 kb and contained strain LP 85-2. Group 3 was characterized by bands at 4 and 1 kb (Fig. 1, lanes 3, 5, and 6 ) and contained the L. paraplantarum strains 61D, CNRZ 1887, ATCC 10776, and CNRZ 1885T (7) . Group 4 was characterized by a band at around 7 kb (Fig. 1, lanes 11 and 12) , which was detected in 15 strains, including L. pentosus type strain NCFB 363. Group (Fig. 1, lane 7) , Lactobacillwparacasei CIP 53.166, CST 10927, DSM 20020, and NCIMB 3254, and lactobacilli of undefined species (strains CST 109665, ATCC 8008B, and ATCC 8008G) (Fig. 1, lanes 8 and 9) .
Liquid DNA-DNA hybridization. To test whether the groups based on restriction fragment length polymorphisms of the pyr genes had taxonomic significance, liquid DNA-DNA hybrid-2) ization was performed with the DNA of at least one member of each group and radiolabelled DNAs of type strains. Under our experimental conditions, when L. pentosus NCFB 363T DNA was radiolabelled and probed with DNAs of lactobacilli belonging to the five groups, only the group 4 strains hybridized efficiently (levels of relative binding, >82%) ( Table  4 ), confirming that these strains were L. pentosus strains.
When the radioactive DNA was from the L. plantarum type strain (ATCC 14917), high levels of relative binding were ob- tained with the group 1 strains (levels of relative binding, >SO%) ( Table 4 ) and with the one group 2 strain, strain LP 85-2 (level relative binding, 79%; AT,,, 3°C) ( Table 4 ). When LP 85-2 was hybridized with L. parapfantarurn CST 10967T, a level of relative binding of less than 26% was obtained (data not shown).
As defined by Wayne et al. (23) , two strains belong to the same species when their DNAs have a level of similarity of 270% and a maximum AT, of 5°C. Therefore, we considered the group 1 and 2 strains L. plantarum strains. This was not the case with the group 3, 4, and 5 strains (Table 4 ) because the levels of relative binding between the DNAs of these strains and the DNA of the L. plantarum type strain were less than 65%.
DISCUSSION
Unlike L. plantarum, L. pentosus typically produces acid from glycerol and D-xylose but not from melezitose. This characteristic was found to be misleading in some cases. Strains CNRZ 1538 and CNRZ 1544 fermented glycerol and melezitose but not the pentose D-xylose. They also did not ferment ribose, another pentose fermented by all of the other lactobacilli tested in this study. These strains were atypical in their sugar fermentation phenotype but not at the DNA level. The results of liquid DNA-DNA hybridization with the type strains (Table 4 ) and Southern-type hybridization with the L. pfantarum pyrDFE probe (Table 3) showed that CNRZ 1538 and CNRZ 1544 are L. pentosus strains. These strains may be isogeneic since they had the same sugar fermentation profile (Table 2) , the same origin, and similar plasmid contents. Ruiz-Barba et al. (18) isolated CNRZ 1538 and CNRZ 1544 from Spanish-style fermented green olives (as strains LPC 4 and LPC 16, respectively) and showed that they harbored five plasmids having similar molecular weights. If the genes encoding xylose catabolism are on plasmids, they may be more unstable than chromosome-encoded genes and not appropriate to use as criteria in taxonomic studies. However, at least in L. pentosus MD 353, xylose catabolic genes have been cloned from the chromosome and sequenced (15). Erroneous classifications based on plasmid-encoded phenotypes have occurred; the L. casei strains which had lost their lactose plasmid (14) were placed in the subspecies afactosus. However, on the basis of DNA relatedness studies (13), they were placed in the subspecies casei and later renamed L. paracasei by Collins et al. (5) . We isolated L. pentosus strains which do not ferment the pentoses D-xylose and ribose but ferment arabinose, a pentose catabolized by all of the other L. pentosus strains studied ( Table 2 ).
In an effort to develop a simple method to distinguish lactobacilli related to L. plantarum, we assessed a method based on Southern-type hybridization between an L. plantarum pyrDFE DNA probe and Lactobacillus genomic DNA BglI digests. A total of 68 lactobacilli were classified into five groups on the basis of the sizes of bands obtained (Tables 3 and 4 ). All 32 L. plantarum strains tested were members of group 1 and group 2. Group 2 contained only strain LP 85-2, which may be a representative of a new subspecies of L. plantarum and is discussed below. When strain LP 85-2 was hybridized with the
